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\ ABSIRACT

' A comparative study of the sialic acid concentration of the brains

and tissves of various animals was made in order to determine whether
differenses were present which could de correlated with the phylogencuc
1level of the nervouws systen.

8islic acid, probsbly £n the form of Neacetylneuraminic acid (NARA)
was present in chordate brains in both the ganglicaide, G, and 1ipid-free
residue, R, For G the renge was 300~600 mg. % of ths total 1lipids and for
R, 350-600 ng. % of thd total 1ipid-free residue. Thore wmre no differences
which could be - correlated with the phyloganetic level of the pexrwvous systsm.

In animals with diffuse nervous systems whole tissuas wvere analysed
and compared to whole mouvse tissuve. In whole mouse, ses urchins, and claas
the R and G fractions wore similar and contained both NHANA ard N-glycoylnssramisic
acid, WGMA. In snails the R fraction comtained NANA, NGEA and sn unidentified
spot with the color charscteristics of shikimic snd quinic acids. The G
fraction countained no WANA, Chitens and sea anenomes were similsr; the &
froction containad both NANA snd NONA while MANA wns missing in the R frastion.
All the whole tissues except tbes sea urchin contained unidentified spots im
addition to the MANA and NOMA, -~
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NEURAMINIC ACLD AND CERIFAL NERVOUS SYSTEM FUNCTION

(Neuraminic Acid in the Brain and Tissues of Various Animalg)

The research carried out under this coniract has been concerned with the
problems oi determining the role of sialic acids (i.e. R-azceiyl-neuraminic
acid, HANA) in central pervous system iunction. In an earlier technical note
(1) experiments were described in vhich NANA wes injected into experimental
animals wiﬁh ro wmeasurable physiological effect. If NARA does have a physiological
function vwhich we were unable to measure, it way be ithat its zdditlon to animals
2lready having a pormal concentration of NANA would noﬁ be expected to ghov any
pbysiological activity. A better test animal, then, would be one in which NANA
was depleted, lackivng or inactivated in some mauner. The experiments described
here irclude a compgvative siudy of the sialic acids pregent in the brains end
tissues of various animsls in order to determine whether there ure gpecies which
do not have FANA. It was also thought thiat the NANA concentration in the brain
night be correlated in some mznner with the positicns of the animals on the

evolutionary scule. Such a correlation wight provide 2 clue to KANA functionm.

FROCEDURE

Whole braips cf animals were erployed for the phyla Chordata and Arthropoda
(gggggg magister). The chordates anelyzed were man, cattle, pigs, Long-Evans
end ﬁietar rats, Swiss Webaster mice, Californie white Leghorn chickens, turtles,
gopher snakes, graes frogs, and raiobow trout. For lerger arnimals, single, whole
brains wersz used, winlle with emalier znimals it was necessary to pool the brains.
The human brain was a mixture of 5C percent white and 50 percent gray matter from
a cage of subacuie sclerotizing leuccensephalitis obtained as 2 dried sanple from
G. W. ¥, Fdgar. 'The brains vere removed immediately upon sacrificing tﬁe snimals
and in géneral were not perfused. A couparison of perfused and non-perfused

rat brains showed no significant difference (Table 1), The {solated brains vere
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then freeze-dried, held in vaguo over P05 for 48 hours, and weighed again to
determine the water content.

The phyla with di{ffusge nervous systems that were analyzed 1nc1uﬁeé,thé

Mollusca: lsnd snails, clams, chitons (Crxptochiton stelleri); Echipoderisatas

sea urchins (Strongylocenirotus purpuretus); end Coelenterata: sea anevomes

{Anthopleura Xanthogremmica). Only the soft tissues of these animals were used

eXcept with the sea urchins where only the Aristotle's lantern was used. A
whole mouse wus spalyzed in the sswe manner s represgsentative of animals with a
central nervous system; trLe tissues were homogenlzed and then dried as with the
brain tissue.

The dried tissues were divided into two fractions zccordivg to the method
of Svennerholm (2): e 1lipid soluble-waier soluble fraction whibh includes the
ganglioside fraction, &, and a lipid-iree residue R. The lipid soluble-water
irsoluble {raction was discarded. The fractions vwere obitained by extracting the
tissue under reflux for 2 hours with 10 ml. of methanol;chloroform (2:1).

The lipid-free residue was then dried in vacuo over P05 (efier removal of the
residual organic solvent , weighed, and the 1ipid calculated by difference.

Some silalic acid analyses vwere carried out by hydrolyzing the lipid extract
directly after removal of the orgenic solvents (discuesed under correctiom factors).
In the final method adopted, 10 ml. of chloroform and 5 ml. of 0.1 percent KaCl
vere added to the original 10 ml. of lipid extract. The two phases were then
mixed thoroughly aund separated by cerntrifugation. After removal of the aqueous
layer the residuel organic layer was washed twice with 5 ml. portions of
chloroform;methenol;0.1% KaCl (3:48:47). The three washes were then combined and
evzporated to dryness.

The G frection was dissolved in 0.1 N sulfuric acid and hydrolyzed for
3 hours at 80° C in a tube keater. Fig. 1, curve A, chows the hydrolysis time

curve for rat brain G frection indicating the three hour waximum. Three hours
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was also found to be necessary for porcine and bovine brein, =rd the remaining
samples wers arbitrarily hydrolyzed for the same time period.

Up to 120 mg. of lipid-free reaidue vere suspended in 3 ml. of 0.1 N Hz804
(0.15 W for sea urchins and chitoas because of the buffering of salis present)
and hydrolyzed for 2 hours st 80° C. Fig. 1, curve B, shows the hydrolysis
time curve for the R fraction from rat brains Theee same condiiions vere found
to be necessary for bovine, porcine, sad human brain.

The gislic acid in the hydrolysate was determined by the 2-thic-barbituric
acid method of Warrem (3). The cyclohexanone layer wac read in a Bausch and
Lowdb specirophotometer at 550 my and 530 my, and the curve of Jacody and Warren
(%) vas uged to correct the results for interlering compounds which form a
chrouogen with an sbsorption meximum at 530 my.

If rat brain 1ipid fraction is bydrolyzed directly and then analyzed for
NARNA, curve A cof Fig. 2 1s obtained. There 1is as high as 40 percent interference
by the 530 L] chronogen; if the figures are corrected for this interference
curve C of Pig. 2 ig obtained.

On the other hand, fraction G shoved only O to 8 percent interference
(curve B of Pig. 2) for the same pcol of braiue. Therefore, because of the
large correction necessary for brajin lipid extract, the G fraction was used
for ell the data presented here. In the G fraction of the crab brain in

contrasi to all the other brain samplea, the interfersnce vas 52 percent.

(There im sowme question regarding the accuracy of digsection of the crad
brains and poesibly other tissue was included.)

The corrections for the R brain fractions ranged from 9 percsat to 18
percent except for cradb vhere the correction was 90 percent.

In the whole tissues the corrections were higher. In the G fraction
the interference ranged Trom 31 percent in snails to T9 percent in chitoms.

The interference ranged Trom 100 percent in sea anenomes to 36 parcent for



wvhole wousge.

Since the main interest was ¢c determine whether WANA vagp present, it
wae hoped that pspar chromatograrhy would indicate the presenca of sialic
acids qualitatively and no further work was dome to rewove the interfering
chromwdgens during the aaslytical procedure.

NANA vas used as a standard. It was prepared according to the procedure
of Martennzoun et 21 {5) excent that the sterting material vas ‘raction v
from human bloocd serum waich coantained 1.3 percent NAFA. The procedure hus
bern outlined in {1). The crude NANA wag crystallized from glacial acetic
acid {6) or from methanol (5).

N-glycolylneuraminic scid (NSMA) wac prepared from porcine submaxillery
mucin according to the same procedure.

The results of the sialic acid analyses on enimal braine are given in Table
1 for both the 3 und R fractéons slong with water and 1lipid content. The
wvhole tissue auulyses are in Table 2. The results are calculated in three
vays: mg. perceni of ihe total 1lipids or lipid-Tree residue, mg. percent
ot the itotal dry bruin, and mg. percent of the {otal fresh brain. Where
aprlicable, siandard Jeviatlons are glven caiculated accordipng to Dean and
Dixon's statistical short-cuts £ obgarvations or small numbers of semples (7).

After the brailn und tiscue samples were unalyzed, like gpecimens were pocled
and the gulfuric aclid resnved by barium hydroxide. The gamples were then
placed op ion exchurge resirs Just us for the standerd NAHA prpparatior.
These pooled gumples were used for the paper chromatography.

Degeending raper chromutography was carried oud on Whatman No. 1 i'{lter
psper in golvent system | EHH), ethanolzﬂéo:lﬂ3(80:20:l). The samples were
rupn irdividually zt 3 level of 75 to 125 microgrume to determine vhether one or
more of the sislic acide were present. The samples vwere themn rur at z level

of 2% microgrums mixed with an equal amovnt oif NANA or NGNA ap a further check
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on thez identliy or the spots. A second golvert zystem (BPH), n-buiaroljn-propravol:
Q. 1 HCLel:2:1) -ms oo wupliyed vhere there vas sufiicizat amounit of sample.
Aveer dryirvg, he papers were sprayed with thicbarbituric wcld wfier the method
of Worren (8). The chrometogrums vere observed under ultraviolet apd vigible
light avd, unleds cimoed octervlse, the semples showed he ssse coler as
tne VANA and KON,

The regnlis of the EHN chiomatography 2re presented schegutically ip
Fig., 3 id Jractic ) w0 ¥Wig, i (K fruction). The spois ror NAKA and NI84 ehow
the rapngs of Re valueg obtuined ln seven experimencs (B8 average = 0.33,

und VAFA sverage = Q.4b)

RESULTS
Fap: Yor the G {ractton the results vere 178 wg. % NANA for dried
brain from a 5050 mixture gf cerebral cofrtex mnd wnite matter. Results
cOrrespéuding ta the § fraction have been reportzd by other workers for
these tissues seravately (9, 10, 11, 12). If thes= results are calculated
in the saie way as ours they range svovnd our sample (158 mg. % to 302 nmg.
3.

The R fractidtn 0O Luman braln contained 527 mg. % FAHA in the lipid-
free residiae. Sveauesholm (13) hes reported thet in this fraction he
Obtained A0 mg. % Irom the cortex and about half <bis value fregm the white
watter. @ results Gu the basis of 30-50 vhite me and cortex would be
higher than Svennsrbdln’a. Qur resulte agree with Sveunnerhelm in tze finding
that the R fraction hed a higher HANA cgntent than the G fraction. The
actugl ratie .f R NANA/ G NAFA was ).7 for dry brain.

Since the literriure reports that IFANVA is the form oF sialic acid
in human brain {13, &) for »oth G and R fractions, the human ssxpls vus

st chromatographed.,
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Beef: 'The bovine G fraction contained 207 mg. % NANA in dry brain. The
total brain RAFA wes 355 mg. $ vhich is lover than the 465 wg. % reported by
Svenuerholm for celf brain (15).

Chromatography ' showed only NANA in the G Fraction. Whether the sialic acid
was also in the forw Of O-acetyl was not determined since this form would be
destroyed in the use of the ion exchange colwms.

The R fraction contaived 148 mwg. % NANA in dry brain. In contrast to the
buman results the ratic of R NANA/ G NANA was 0.7.

In EHN only NARA was evident at the 125 microgram level, but in solvent
BPH a spot at the level of NGNA wap discernable. The spray technique is
supposed to detect 5 micrograms of NANA (8). The questionable presence
of FCFA ip bovipe brain is in contrast to the bigh percentage, 6% %, in serum
and kidney of ox {1h).

Pork: The 3 fraction contained 195 mg. % RAFA in dried brain vith a total
of 332 wg. % NANA, as compared to a total of LkS wg. % obtaised by Svenverbolm
(15}. In solvent EHN only NANA vas present et the lavel of 100 micrograms, but
ia eolvent EPH there may have been a spot at the level of NGNA. Considerable
tailing in tﬁia solvent made it difficult to determine individuasl spots.

The R fraction contained 137 mg. % NANA for dry braim, with the ratio
of R/ G NANA 0.7 as for bovine brain. The chromatography results vere
similar to those of bovine brain except that there appeared to be more material
et the level of NGNA in soivent BPH. These results are similar to thoese for
hog serum {15% NGFA), kidney (14% NGNA) and gasiric mucosa (20% MGNA) (1¥).

Rat: The KANMA content of the G fraction vas 256 mg. $ for dry brain
(30% higher than the results of Long end Staples (16) who reported om lipid
NANA from cerebral cortex and white matter.

Chrowotography of 75 micrograms iu solvent EEN shcwed the presence of FANA,

material in the Ry range from 0.2 to 0.3 and a spot at 0.55. In solvent BPH
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the teiliaz vas £o intense with 100 micrograms that only FAHA could be distinguishod
with certalinty.

The R fraction contatped 201 mg. $ MANA ip dried brain with a ratio of
R/G of 0.8 which was similar to the boviae and porcine results.

Chromatography of 75 wicrograms of R sfalic acid 1n soclvent EHN showed
NANA, @ emall spot at 0.33, and 2lso a2t 0.55

Mouse: The G fractlon contaived 312 mg. % NANA in .ry brain, the highest
value among the animels analyzed. The R fraction con%sined 218 mg. $ MANA fn
dry brair with an R/C ratio of 0.7 {(the same as the other mamwals, except the
bumen) . fo solveat EHN at 125 microgrems only NARA vas ciscergable ia dboth
fructions. Io solvent BPH at 25 micrograma, this was alao true.

Turtles: The turtle results were 12% mg. % end 189 mg. $ NANMA ip dry
braio for ¢ and R respectively, with a ratio of R/G cf 1.5 similar to the
bumen results.

The chromsatography results were rnt clesr-cut snd because of the lack
of materia)l could not be repeated. This is uvrue for toth G and R and the results
vere obtaired in solvent EHN oanly. Vhen 100 micrograms of slalic acid were
chromatographed alone, a single spot was obiained with an R of 0.33. When
the chromatography was repeated with the addivion of NCNA two gpots were evident,
one with the Ry of O.kh indicativg NANA. The question as to wheiher KGNA is also
present above that vhich was added ig unansvered. A porcine sample that vas
analyzed at the same time =28 the 100 microgram turtle samwple alec had ean Re
eiuilar to NGNA, but on repeating the porcive sample several times, the Re
was 0.8} ipdicating HAKA. The turtle spoi wes 2lso elongated so that it is possible
that two components were presen%; hovever f£4sh sialic acld run 2t the same time
aleo appeared elongated apd was later determined to be only NARA.

Snekes: The results for gopher snzkes vere very similer to those for
turtles both aralytically snd chromatographically. The 3 fractiou contalned

161 ug. % end the R fraction 163 mg. % FANA 4n dry breirn with an R/G ratio of 1.
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Eoth fractious cortained NAMA, but may also contaln NONA.

Frog: Diy frog bralps covtaiped i35 mg. % & NANA nod 285 mg. % R WANA.

The G fracciop was chromstographed at a level of 115 micrograms while the R
fractian wag chrommitographed atv 70 micrrgraws. One ypet was visible at 0.33
Ree o u mixed sazple with NGNA only one spot was also visible, buti there may
not have been enough frog sialic ecidé in the mixture to be vieible.

Ope pool of frag braiug was quite difterent from the others. There was
4 great dezl of interferiné materis) (508) 4n the thiobarbituric acid tas
which was visible %o the uaked eye.

Fighi: Altheugh {t was thought that the sialic acid values in rainbow trout
would be the lowest umoung the chordates ihis was not the case (C = 187 mg. %,

R - 51 mg. % NANA ip dry brain). The ratio of R/ was 1.3 ae for human brain.
Tn salvent EHN at 179 wicrograwms, NANA wae the ovly component, and in solvent
BPH at 25 microgrums, plus end mipus NGNA and NARA, the results were conslstent
with NARA being tioe oply type of slalic acid present.

Crab: Because of the previscusly mentloned difficulities in dissection, the
resulis on crab msy be in error {7 shoved 7 mg. and R 14 mg. $ NANA in dry brain).
Chromatograpry of % wmicrogruic of & and 16 micrograms of R in solvent EAN showed
d0e gpot with: an Ry of 0.33. In addition there was also s spot in R with an
Rp of 0.2,

Table 2 gives the silalic acid content of G and R fractiouns of whnle tissus=s
of arimals with d ffupe pervius gystems. Whole mouse tissue wag also analyzed
for z comparison. The chromatography results are in Fig. 3 and 4. “pe chromato-
granms aunc the aualytical procedure sinoved much more interferi{ng material even in
the & fraction. Although the water extraction excluded a tremendous amounf
of lipid waterial that was very conlored, there were compounds soluble in the
agquernus golution that we did rot find iv the brains of chordates. All of the

interference was not remcved by resin cioromatography; 2-keto-3-deoxyglucoulc acid
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is cne =scupousd whish would remain ¢o the Nowex 2 giving the same colored
proaduct as the sialic acids.

Monge: The counceatration of sialic acid in the G and R fraction
amounted to 23 ng. % and 79 mg. % respectively in whnle dry tissue which
is much lower than the brain content of 5 1alic acid. Long and Staples (16)
studying rats, reported that sialic acids iv the ¢ fracticn were found iu the
braiu, but not i3 liver; Leart, cr siall intestine, and very little in lung,
skeletal muscle, kidnay, uterus, and sdipose tissue. From vur results on
sialic acid in the § fraction of blood acd brain ve found thet almost 80%
of the sialic acid was still unaccounted for.

Ckromatograpry in EHN showed roughly equal amounts of NANA and NGNA in
both fractiona. There were alsv esmall axounts of material with Rfs of 0.2
and 0.56. Warren ( 17) has reported the presence of NUNA ir. rat vagins.

Snatii: By aunalysis, snails showed 6 mg. $ O NANA and 79 mg. %
R NAYA i» dry tissue. (jn chromatography of 37 micrograms of O no NARA
wag “ound. Coneideradble muterisl remained at the crigin. There was a
small awouat Of materisl with Rf about 0.3 which showved tailing from the
origizn.

The R fraction (125 micrograms) shfwed very intense spots at NAKA and
NGNA ig solvent EEN. The spot at NANA wvas greeuish-blue, hovever. When this
sample was run in BPH for 57 hours instead of 24 hours the two spots were
separeted 1:t0 twc gpots at ithe position of NANA and NGNAjand the blue spot
vas ahead of NANA. Pecause the polvent front had moved off the paper, the
Rfg could not be calculated. Under ultraviolet light the NANA and KONA spots
were ldentical in colour to the kuowa esiplesof RANA. The two spots were not
isolated and rechromatographed to determzive definitely whether they were FANA
and NGNA. The greenish-blue spot was lavender under ultraviolet light. Shikimic

acid and quinic acid (18) have cheee color characteristics, but we d1d not determine
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whether the unkucown was either of these acids.

Sea urchkiun: The results on the Aristotle’s lanterns Of gea urching
were 5 ng. % for & NAKA and 20 mg. % ror R HAKA in dvy tissue. The concen-
tration of § iu the lipid frectiOn was higher then that obtaized iv mice,
bat the amount of lipid wss zuch smaller, reking the dry weight resalis wmch
loser than for wice. foth C and R shoved the same chromatography pattera. There
were two gpets, ai 0.35 and 0.44, with somevhat wmore NOGNA than NANA,

Sea anerome: There was w0 slalic acid {n the R fracilon in gea anentmea
siuce whe correction factor was 100 per :ent. There were U mg. % in the dry
tisasue, however.

Lhromatography of T wicrograms of R in solvent EGN showed a spot at
Af 0.3%, Most of the material present; howevey, had Rfs less thar NGNA.
There were st icagt three ¢f these spots. In fraction G at 77 micrograms
there was meteriel frow Rf 1.6 G 5.9 with perhaps six spots, includirg
one at 0.33 and 0.4, The separaticn vas poor, dut a discrete spot was
pregent at 0.65. Fif4v micrograms of G in solvent I'PH also showed discrete
spots at both 0.%3 and O.4l. There was a great deal »f brown insoluble
material at the .rigin as in the ¢ f1raction {rom spails.

“hiton: Thitous contaiuved frem A to 8 mg. $ NANA in dry tiassue;

i fraction R, 77 micrograms, there was nn RANA apparent. Instead there
wet tailling from the origia dowa to ebout en Rf of 0.35. The results
were very spimllar to those of see aneucmes. The G fraction also showed
telling from the origin with perhaps six c¢cmponents including spots at
0.%3 aad O.ib, There was alsc a spot at 0.55 as for sea anenomes, but
nothing at 0.65.

Glam: Clama contained 3 mg. % end 32 mg. % NANA in dry tissue for G
and Kk fractione respectivaly. Caromatography of 125 micrograms of G ghowed

a hright piuk origin under ultraviolet light, aad browaish color under
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vavible light. There was material from Rf of 0.07 to 9.48 including zpots
ar C.33 eand 0.44. tith 90 micxograms of R cthe results were similar to G,

DISCUSSION

Bvery animal tested appixrenily had sialic ucid fu the C fractiom. Is the
brein iissue, vhere che identity wae definitely ¢stablished, the type of silalic
acid was NANA. The sialic acid in borh R asnd G fractions wae similar For braisn.
There was 2o coasistent relationship between NiHA cencentration axd phylogemetic
level of the nervous gystem . 1If the genglioside sialic acid ware the same
constant for choxrdare draius then cne would expact u decrease in the my. %
slaltc acid io lipid along the phylogeneric scale from humun to iish as zhe
amourt. of cortex decreases with concomattznt increase in white watter. wWhite
matter costaias more lipid ( 19) and less sialic acid (9, 10). This should
also be true on a dry weight bagis as the siue of the cerebrum decreases
with respact io the cerebellum. The lstter has been reported as having a
MANA concentrstion simiiar to cersbrsl white matter ( 16). That NANA does
not decrease is shown in the bar~graph of Fig. 5. The valuse for chordate
brains cover a two-fold range, from 300 tc 600 =mg. %. These differences
may be due to different emounts of di~ and wono.. sialogamgliosidds which
have recencly been tsolated (20). The lipid-free r¢uidus values are from
330 to 560 mg. %

Thers is also no systemstic relationsbip becween the rstio of R/GC NANA
on & dry weight bssis in chordates. Human beings, turtles, coakes, fregs
and f£ish have ratios ahove oua, vhile tha remsinder ure below one. As
mg. L of the respective brain frections, only rats, mice, and chickens have
sa R/G ratio belowv one. Ix sppeers that if the NANA coacentration of G
i3 froz 500 to 600 mg. %, them the G values are higher than for tbe R fractiom.
The raverse appcars to be true if the coancentratiom of the G fraction is
300 ag. i. Uhether these figures have any siguiiicemce is not known.

In che vhole animnsl tissues the coucentratiom of sialfec acid was
less in the lower forms of snimals wben compared to mice emcept for the
sos wrchin (See Fig. 3). RANA appeared to be abdeent {iu snail and crasd
but NGNA was present iu these aad ths other whole tissaves tested. Thare
ware also other acidic compounds which were unidentiffed. In whole mouse,
sea archins and clame, the sfalic scids of ti R snd G fraction were similar.
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In chitoms, sea anenomes and soails they were not. Chitoms and sea anencoes
reserblad each other. The G fraction contained both NANA and NGNA, but in
e R fraction only RGNA was present. Smails differad from all other ssmples
{n haviag & greenisb-blus spot which uas ahead of NANA on paper.
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Pig. 1. dydroliysis of Bound Heacctylncuramitiic acid in Rat Brain va. Tine
. )
A. Tiwe curve for gaugliuside HAA as mg. % of total brain iipids (807 C, 0.1 N HuSO)

B. Time curve 7or Residue I'ANA as ng. % of total brain iipid-tree residue (800 c,
0.1 N E;80y for 75 min. &nd 2 hrs.; 90° for 65 win., &,3, &, and 5 hre.)

(A1l values corrected for interference)
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A. Hydrolysis time curve for total lipid NAMA ¢mcorrested)
B. Hydrvolysis time curve for gangliosids MARA (corrected)

Pig. 2

Fig. 2. Comparison of hound l~scetylneuraminic acid (NAMA) from rat
brain Geaglioside eed total 1ipid wve. time (0.1 ¥ H30;, 80° C)1

C. Same a8 curve A after correction for imterferring absorption with maxioun
at 530 my

C ACID (M3. % OF BRAIN FRACTION)

600

500

N—

400

360

——_———

Se—%C




Table 1
The sialic scid content of brain fwactions of animsls
(calculated as N-aceiylneuraminic acid)

Mg. L Gamgiioside Ng. L Lipid-free residee
18,0 % Lipids NANA NARA
No. total total tatal total total total total total total
animal ssmples brain solide brain linids solids braia residue solids braim

o it
Mem 1 76 5 14 1131 178 X1 527 225 54
Beet 1 80 61 12 362 207 4“2 375 148 30
Pork 1 83 62 10 315 195 32 360 137 23
Rat 7 1% St 117 510& 2562 St 45g 201 % ["Y 4
s.d.+ 1 3 1 4 45 12 110 10
Ret 5 so% 528 11 S13L 2652 Se¥ . 450% 2182 A5
(perfusad) s.d. 1 2 1 k)1 28 4 & 32 8
Mouse 2 79¢ 53¢ UuP 6128 312 644 w58t 225¢ b4
s.4. 2 12 1 17 10 2 3 16 ¢
Chickea 3 0 50& 108 S0 2062 S92 415 2054 A2+
s.d. 1 5 1 48 12 [ s 15 1
Turtle 3 a2 TV 1Y 282+ 124 22¢ D5 1894 B¢
s.d. 1 2 1 A8 23 5 8l o7 ?
Saake 3 204 5S4 02 301t 161E g it 1632 222
s.4. 1 2 1 3 18 4 132 67 13
Frog 4 835¢ 45¢ 72 295¢ 135¢ 228 520% 2854 44 {
s.4. 2 2 1 108 53 10 113 65 1
Fish 'Y sog “f il 32t 185&a 37% 63k 2514 50+
s.d. 1 1 21 1 3 16 30 6
Crab 1 3 3% 6 20 ? 1 21 14 2

* valwe taken from reference 21

+ standard deviation calculsted as ¢ wk, vhere v = range and Ky is a comstant from
Table § of Dean amd Dixon (8)

Y 3 samples iseteed of 4 for the gamglioside sialic acid.



The sislic scid coutent of whole tissues of various animals

Table 2

(Calculated as N-scetylneuraminic seid - NARA)

Mg. % Genglioside Mg. % Lipid-free residue
% B0 % Lipids NANA HANA .

¥, total total totel totsl total totys total total tagal
saisa)l samples brain soiids breiw lipids solids brain residos eolide bkrain
Mowuse 1 73 33 9 66 23 6 120 79 2
Seail 2 8% 16+ I3 kT 64 ) b 83 oy 122

s.d.% 1 2 & e 2 27 21 3
Sen urehin 4+ 50 5 3 80 S 2 2t 20 L '
(Artstotle's + = % 2 * + =2
lantern) s.4. 5 | 8 1 6 5 3
Clam 2 "+ 190 4 174 3% o 4wt 2¢ 6

».d. 1 1 7 14 11 2
Chiton 1 9 20 2 3l 6 7’1 10 8 i
Ses 3 80{ 28y 62 164 “x 71 4]
anenons s.d. 10 2 9 2

* Sctandard deviation caleulated as for Table 1

¥ dwre a0 8.4, 1s given it indficates that the walue was less than 0.5

+ Calculated from 3 values for gamgliceide NANA instead of 4.

ve .
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rig. S
Heacetyluouramiole acld in the Brains ond Ticeues of ¥Yarieus Animals

BRATR GARGLIOSIDE MEURAMUAIC ACID (Has)
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